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(57) ABSTRACT

A medical infusion system with pulse width modulation and
a safety circuit and a method thereof are disclosed. Embodi-
ments of the system include a switching device and a pump
motor, wherein the pump motor and the switching device are
connected in series and constitute a power supply circuitto be
connected to a power supply. Embodiments of the system
further includes a control signal generator configured to gen-
erate a control signal e.g. PWM, and which is connected to
input of the safety circuit. Output of the safety circuit is
connected to a control input of the switching device such that
the pump motor will not operate if there is no control signal
applied to the input of the safety circuit.
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1
MEDICAL INFUSION SYSTEM WITH PULSE
WIDTH MODULATION AND SAFETY
CIRCUIT

TECHNICAL FIELD

Embodiments of the present invention relate generally to
medical infusion systems, and in particular to medical infu-
sion system with pulse width modulation and a safety circuit.
comprising a control signal generator, a safety circuit, a
switching device and a pump motor. The invention further
relates to a method for driving a pump motor in a medical
infusion system.

BACKGROUND

Conventional medical infusion systems utilize a variety of
motor technologies for driving the infusion pump such as
direct current motors, stepper motors, or solenoid motors.
When using such a motor in an infusion pump, safety mea-
sures must be designed to protect the user from malfunction
of the motor, especially to avoid delivering an excessive
amount of a substance or drug, for example insulin, to be
infused to the user. This might especially occur in case of a
short circuit that bypasses the control system of the motor.

United States Patent Application US 2002/0071225 Al
discloses several solutions for this problem. The first solution
is using a motor that needs a multiple of the voltage provided
by the battery. In case a short circuit directly connects the
motor to the battery, the voltage is not sufficient to drive the
motor. A second solution uses a safety circuit that closes the
power supply circuit of the pump motor only when a special
AC signal is applied to the safety circuit.

The drawback of the first solution is that an expensive and
complex DC-DC step-up converter is needed. The drawback
of the second solution is that a second dedicated circuit is
needed next to control electronics that control the rated sup-
ply voltage and therefore the motor in order to regulate the
amount of substance or drug to be infused.

SUMMARY

Itis against that above background that embodiments of the
present invention provide an improved and simple device and
method for controlled and safe infusion of a substance or
drug.

In one embodiment, disclosed is a medical infusion system
comprising a control signal generator, a safety circuit, a
switching device, and a pump motor. The pump motor and the
switching device are connected in series and constitute a
power supply circuit to be connected to a power supply. The
control signal generator is configured to generate a control
signal having an “on” potential and an “off” potential present
at a control input of the switching device. The “on” potential
is any potential which makes the switching device close the
power supply circuit, and the “off” potential is any potential
which makes the switching device open the power supply
circuit. An output of the control signal generator is connected
to an input of the safety circuit. An output of the safety circuit
is connected to the control input of the switching device. The
safety circuit is configured to apply the “off” potential to its
output if there is an “off” potential at its input, apply the “on”
potential to its output if there continuously is an “on” poten-
tial at its input for a duration up to a predetermined amount of
time, and apply the “off” potential to its output if there con-
tinuously is an “on” potential at its input for a duration longer
than a predetermined amount of time.
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In another embodiment, a method for driving a pump
motor in a medical infusion system, wherein the pump motor
and a switching device constitute a power supply circuit to be
connected to a power supply, is disclosed. The method com-
prises receiving at a control input of the switching device a
control signal from a control signal generator with a safety
circuit. The control signal includes an “on” potential and an
“off” potential, wherein the “on” potential is any potential
that makes the switching device close the power supply cir-
cuit, and the “off” potential is any potential that makes the
switching device open the power supply circuit. The method
also includes switching the power supply circuit of the pump
motor by the switching device according to the control signal
applied to the control input of the switching device; applying
the “off” potential to its output if there is the “off” potential at
its input; applying the “on” potential to its output if there
continuously is the “on” potential at its input for a duration up
to a predetermined amount of time; and applying the “off”
potential to its output if there continuously is the “on” poten-
tial at its input for a duration longer than a predetermined
amount of time.

These and other advantages and features of the invention
disclosed herein will be made more apparent from the
description, drawings and claims that follow.

BRIEF DESCRIPTION OF THE DRAWINGS

A detailed description of embodiments of the invention
will be made with reference to the accompanying drawings,
wherein like numerals designate corresponding parts in a
several figures. Combinations of single features of the several
exemplary embodiments are possible.

FIG. 1 shows a first embodiment of a medical infusion
system.

FIG. 2 shows a second embodiment of a medical infusion
system.

FIG. 3 shows the embodiment of FIG. 1 with two addi-
tional switches.

FIG. 4 shows another medical infusion system combining
the embodiments according to FIGS. 2 and 3.

FIG. 5 shows the potential at the output of the safety circuit
over time.

FIG. 6 shows the potential over the capacitor of the safety
circuit over time.

FIG. 7 shows the potential over the capacitor of the safety
circuit over time in case of a malfunction.

DETAILED DESCRIPTION

In one embodiment a medical infusion system is disclosed.
The system comprises a control signal generator, a safety
circuit, a switching device and a pump motor, wherein the
pump motor and the switching device are connected in series
and constitute a power supply circuit to be connected to a
power supply, the output of the control signal generator is
connected to the input of the safety circuit and the output of
the safety circuit is connected to a control input of the switch-
ing device. The voltage of the power supply is termed VCC.

The pump motor preferably is a DC motor. The pump
motor is part of a pump that delivers a substance or drug or the
pump motor drives a piston inside a container holding the
substance or drug.

The control signal generator is configured to generate a
control signal with two potentials, an “on” potential and an
“off” potential, wherein an “on” potential is any potential
that, if this potential is present at a control input of the switch-
ing device, makes the switching device close the power sup-
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ply circuit, and an “off” potential is any potential that makes
the switching device open, that means interrupt, the power
supply circuit. Depending on the actual switching device
used, the “on” potential can be a constant (positive) voltage,
that is logical “high”, or ground, that is logical “low”.

The safety circuit is configured to apply an “off” potential
to its output if there is an “off” potential at its input; to apply
an “on” potential to its output if there continuously is an “on”
potential at its input for a duration up to a predetermined
amount of time; and to apply an “off” potential to its output if
there continuously is an “on” potential at its input for a dura-
tion longer than a predetermined amount of time.

In operation, the safety circuit receives the control signal
from the control signal generator, wherein the control signal
has the potentials as described above. The switching device
switches the power supply circuit of the pump motor accord-
ing to the signal applied to the control input of the switching
device. This causes operation of the motor and thus infusion
of a substance or drug controlled by the control signal. The
motor control is very exact, resulting in a highly accurate
delivery rate. In addition, surge currents are reduced which
increases battery life.

The safety circuit applies an “off” potential to its output if
there is an “oft” potential at its input; applies an “on” potential
to its output if there continuously is an “on” potential at its
input for a duration up to a predetermined amount of time; and
applies an “off” potential to its output if there continuously is
an “on” potential at its input for a duration longer than a
predetermined amount of time.

This means that the safety circuit applies a potential to its
output that is equivalent to the potential it has at its input. An
exception to this is when the signal at its input has “on”
potential for a duration longer than a predetermined amount
oftime. This is a situation that could mean an overdose to the
patient. In this case, the safety circuit applies an “off” poten-
tial to its output even though it has an “on” potential at its
input. Thus, a signal to interrupt the power supply circuit is
devised from the control signal, which controls the motor and
for this reason the delivery rate, itself.

Depending on the structure of the safety circuit, the signal
at the output of the safety circuit might be (slightly) delayed
compared to the signal at the input of the safety circuit. This
does not affect the function of the medical infusion system,
especially if the control signal has a high frequency.

In a preferred embodiment, the control signal generator is
a signal generator configured to generate a pulse width modu-
lation (PWM) signal. The received control signal then is a
PWM signal. A PWM signal is a square wave signal with a
fixed frequency. Within one cycle, the amplitude of the PWM
signal changes twice, first from high to low and then from low
to high or via versa.

The high amplitude usually is any positive DC voltage, for
example 3V or 5V, while the low amplitude usually is zero or
ground. The duty cycle of a PWM signal denotes the fraction
of time the signal is high during a cycle.

The medical infusion system and method described so far
fulfil two tasks. The first task is to modulate/switch the power
supply circuit on and oft according to the control signal, thus
allowing to control the amount of substance or drug to be
infused to the user. The second task is to interrupt the power
supply circuit, which means turning off the motor, if the
motor was operating continuously for a predetermined
amount of time. This means that the amount of substance or
drug to be infused to the user at a time can be limited to a none
live-threatening dose. In a preferred embodiment, the prede-
termined amount of time is much longer than the cycle of the
PWM signal, for example more than 40 times the PWM cycle.
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This means that the safety circuit does not engage, that is
interrupts the power supply circuit, before a PWM cycle is
over.

In a further preferred embodiment of the present invention,
the safety circuit, the switching device and the pump motor
constitute a unit that is impervious to fluid, for example by a
liquid-tight sealing. This means that fluids, especially the
substance or drug to be infused, can’t penetrate into the unit to
cause failures like e.g. a short circuit.

Since the safety circuit eliminates the effect of a short
circuit that occurs between the control signal generator and
the switching device, and a short circuit can’t occur within the
liquid-tight sealing, the best possible protection of the user
against malfunctions of the medical infusion system is pro-
vided.

According to a special embodiment of the invention, the
safety circuit comprises an RC circuit. Preferably, one pin of
the capacitor of the RC circuit is directly connected to the
input of the safety circuit, the other pin of the capacitor is
directly connected to the output of the safety circuit, one pin
of the resistor of the RC circuit is directly connected to the
output of the safety circuit and the other pin of the resistor is
connected to a constant potential being equal to the “oft”
potential.

While the signal received by the safety circuit, the input
signal, has “on” potential, the capacitor of the RC circuit is
charged via the resistor of the RC circuit. The potential at the
pin of the capacitor that is connected to the resistor is applied
to the control input of the switching device. This potential
changes towards the “off” potential with a rate following an
exponential function determined by the time constant R*C. If
this potential has reached a certain level, the switching device
will interrupt the power supply circuit. This level, the switch-
ing threshold (termed VST), depends on the switching device.

As a preferred option, the safety circuit comprises a diode
in parallel to the resistor of the RC circuit so that the capacitor
of'the RC circuit is discharged via the diode if the signal at the
input of the safety circuit has “off” potential, that is if the
received signal causes the switching device to interrupt the
power supply circuit. This enables rapid discharging of the
capacitor which is necessary to reset the safety circuit so that
the switching device can close the power supply circuit the
next time an “on” potential is applied to the input of the safety
circuit. Otherwise the capacitor would be discharged only via
the resistor, which would be too slow due to the time constant
of the RC circuit. If the capacitor wasn’t sufficiently dis-
charged when the input signal changes from “off” to “on”
potential, the remaining voltage over the capacitor would
prevent the switching device from closing the power supply
circuit.

The switching device can be of any kind, for example an
electro-mechanical switch like a relay or a transistor, like an
FET or MOSFET. The only limitation is that the switching
device must be fast enough to follow the control signal.

Inone embodiment, the switching device isa PMOSFET (a
p-channel MOSFET), the “on” potential is ground and the
“off” potential is a constant positive potential (VPOS). This
constellation is used if the switching device is placed between
the pump motor and the positive pole of the power supply. In
this embodiment, the PMOSFET conducts if the potential at
its gate is below VST, which is low. That means that the
PMOSFET closes the power supply circuit if the control
signal applied to the safety circuit is low. In this case, the
capacitor is charged via the resistor and the potential at its pin
that is connected to the output of the safety circuit rises
towards VPOS. The PMOSFET opens, which means inter-
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rupts, the power supply circuit when charging of the capacitor
has reached a certain level, which is the switching threshold
VST of the switching device.

In another embodiment, the switching device is an NMOS-
FET (ann-channel MOSFET), the “on” potential is a constant
positive potential (VPOS) and the “off” potential is ground.
This embodiment is complementary to the previous embodi-
ment and is useful if the switching device is located between
the motor and the negative pole of the power supply or
ground. In this embodiment, the NMOSFET conducts if the
potential at its gate pin is higher than VST, that is high. In this
case, the capacitor is charged via the resistor and the potential
at its pin that is connected to the output of the safety circuit
falls towards ground. The NMOSFET opens, which means
interrupts, the power supply circuit when charging of the
capacitor has reached a certain level that is the switching
threshold VST of the NMOSFET. To achieve the same
amount of substance or drug to be infused, the control signal
has to be the inverse of the control signal of the previous
embodiment.

In a preferred embodiment, the constant positive potential
VPOS equals the voltage VCC of the power supply. This
means that only one voltage is present in the medical infusion
system and, in the embodiment using the PMOSFET or any
other switching device that opens (interrupts) its output while
the signal at its input exceeds a positive switching threshold,
the resistor of the RC circuit can be connected to the positive
pole of the power supply.

The safety circuit of the medical infusion system according
to the present invention prevents the pump motor from being
supplied with current if the duty cycle of the PWM signal at
the input of the safety circuit is outside of special boundaries,
for example smaller than 2% or larger than 98%.

It is apparent to the person skilled in the art that additional
switching devices can be provided in the power supply circuit
to stop the motor if certain conditions are met.

In the following illustrated embodiments, all potentials are
given with relation to ground. Potentials are also described by
their logical counterparts, where zero or ground is logical low
and a positive voltage larger than a threshold, for example the
switching threshold of a switching device, is logical high.
Directly connected means that there is no other component,
like for example a diode or a capacitor, between the elements,
except for a conductor. This means that nothing but a conduc-
tor is between a pin of the first element and a pin of the second
element.

FIG. 1 shows a medical infusion system 1 with a control
signal generator 2, a safety circuit 3, a PMOSFET 4 as a
switching device and a DC pump motor 5. The output of the
control signal generator 2 is connected to an input 3a of the
safety circuit 3, the output 35 of the safety circuit 3 is con-
nected to the gate of the PMOSFET 4, which is the control
input of the switching device. The pump motor 5 is connected
to a power supply (not shown) with a ground pole (GND) and
a positive pole having a voltage VCC versus ground. The
PMOSFET 4, for example an IRF5851, is included in the
power supply circuit between the pump motor 5 and the
positive pole of the power supply with its source and drain
pins.

The safety circuit 3 comprises an RC circuit with the
capacitor C1 and the resistor R1. One pin of the capacitor C1
is directly connected to the input 3a, the other pin of the
capacitor C1 is directly connected to the output 35 of the
safety circuit 3. One pin of the resistor R1 is directly con-
nected to the output 35, the other pin of the resistor R1 is
directly connected to the positive pole of the power supply. In
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parallel to the resistor R1 is a diode D1, for example a
PMEG2005AEA, with its cathode pointing towards the posi-
tive pole of the power supply.

Operation of the medical infusion system 1 is described
starting with an uncharged capacitor C1. The signal generator
2 generates a PWM signal with the two amplitudes 0 (ground,
GND, logical low) and VCC (logical high).

If the PWM signal at the input 3a changes to high, the
potential at output 35 changes to high (that means VCC), too,
because capacitor C1 is uncharged. Due to the potentials in
the safety circuit 3, the capacitor C1 is not being charged. The
high potential of the output 354 is applied to the gate of PMOS-
FET 4 that therefore opens the power supply circuit and there
is no current through the pump motor 5. This means that, in
this embodiment, VCC (or logical high) corresponds to the
“off” potential, while ground (or logical low) is the “on”
potential.

Ifthe PWM signal at the input 3a changes from high to low,
the potential at the output 35 also changes to low due to the
still uncharged capacitor C1. Therefore the PMOSFET 4
closes the power supply circuit and current flows through the
pump motor 5. Due to the potential difference between VCC
at the resistor R1 and ground at input 3a, a current flows
through resistor R1 that charges capacitor C1. The voltage
UC1 over the capacitor C1 (voltage from 3a to 35) increases
following an exponential rise determined by the time constant
©=R1*C1, see FIG. 5.

If there is no malfunction, the PWM signal returns back
from low (“on” potential) to high (“off”” potential) before the
voltage UC1 has reached the switching threshold VST of
PMOSFET 4, that means a value that causes PMOSFET 4 to
open the power supply circuit. If the signal at input 3a gets
high, which means VCC, the potential at output 35 tends to
change to VCC+UC1, which causes PMOSFET 4 to open the
power supply circuit. Since the potential at output 35 is larger
than VCC, capacitor C1 is discharged via resistor R1. As long
as the voltage UC1 is larger than the forward voltage VD1 of
diode D1, the diode D1 is in the conducting state and rapidly
discharges capacitor C1 to UC1=0 in addition to resistor R1.

If the PWM signal at input 3¢ does not return to high, the
capacitor C1 keeps charging asymptotically to UC1=VCC. If
UC1, and thus the potential at output 35, has reached the
switching threshold VST of PMOSFET 4, the PMOSFET 4
opens the power supply circuit and interrupts the flow of
current through pump motor 5. When the PWM signal at input
3a returns to high, the capacitor C1 is discharged via resistor
R1 and, depending on the voltage UC1, via diode D1, result-
ing in potential VCC at output 35 which still causes PMOS-
FET 4 to interrupt the power supply circuit.

If diode D1 wasn’t present, discharging of capacitor C1 if
the PWM signal at input 3a of the safety circuit 3 turns to high
would only happen through resistor R1. Due to the time
constant of the RC circuit, the capacitor C1 might not be
discharged before the PWM signal at input 3a returns to low,
thus unintentionally preventing PMOSFET 4 to close the
power supply circuit.

In the medical infusion system 1, preferably the safety
circuit 3, the PMOSFET 4 and the pump motor 5 are encap-
sulated to a liquid-tight unit. This unit has only three electric
ports, two for connecting the unit to a power supply and one
for connecting the unit to the signal generator 2. Optionally,
the signal generator 2, too, can be included in the liquid-tight
unit. The unit then has just the two electric ports to be con-
nected to the power supply. Optionally, the whole electronic,
100, can be included in the liquid-tight unit.

The time at which a capacitor in an RC circuit is considered
to be fully charged is usually calculated as T=5*z. If T, which
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is the maximum time the power supply circuit shall be closed,
is chosen to be 25 ms and R1 is chosen to be 50 k€2, the
equation T=R1*C1 leads to C1=100 nF. If the PWM fre-
quency is 3.2 kHz, T is 80 times the duration of a PWM cycle.
Other values for the components could be R1=22 kQ and
C1=10 pf, resulting in T=1.1 s.

The minimal PWM frequency is mainly determined by the
motor characteristics. Based on the motor parameters, the
time T can be defined considering the following dimension-
ing rules: (A) the RC circuit has to fulfil its functionality, and
(B) the time T has to be as small as possible to prevent
undesired infusion and needs to be small enough to prevent an
excessive delivery of insulin.

The switching circuit, PMOSFET 4, switches from “off” to
“on” states at a defined voltage VST. Fora PMOSFET, VST is
VCC—Vthreshold. Vthreshold is mainly defined by the
PMOSFET electrical characteristics and in this embodiment
supposed to be much smaller than VCC. Typical values for
Vthreshold are: 0.3V to 0.7V, typical values for VCC are 3V
to 5V.

The functionality of the safety circuit is to allow a PWM
signal to flow through the motor, and hence is to transmit the
signal generated by the signal generator 2 basically
unchanged from input 3a to output 34 if the signal is correct
and to block the signal if it is not correct (in state “on” for a
time longer than T).

The PWM signal is transferred unchanged from input 3a to
output 35 if the safety circuit does not block the PWM signal.
In the embodiment of FIG. 5, the PWM “on” state time has to
be shorter than 2 TRC. Typically TRC is chosen such that
1TRC<PWM frequency.

Another condition to transfer the signal unchanged is that
the capacitor C1 discharge over the diode D1 is sufficient to
guarantee that by the next charging of the capacitor C1, the
voltage UC1 stays under VST as in FIG. 6.

If discharge of the capacitor C1 over the diode is not suf-
ficient to guarantee that by the next charging of the capacitor
C1 the voltage UC1 stays under VST=VCC-Vthreshold, the
PWM signal will be changed by the safety circuit as in FIG. 7.
In the embodiment of FIG. 7, the duty cycle is 80%.

As the discharge of C1 over the diode D1 is not instanta-
neous, the PWM duty cycle at the output 35 of the safety
circuit 3 may get smaller than the duty cycle at the output 3a
of the safety circuit 3, which leads to change of the PWM
signal through the safety circuit 3. This is shown in the middle
graph of FIG. 7. In each cycle, a little more potential remains
in the capacitor C1 if discharging is not fast enough. This
remaining potential may sum up over several PWM cycles so
that VST is erroneously reached, thus blocking the PWM
signal. This means that the safety circuit 3 transforms the
PWM signal at its input 3a, shown in the lower graph of FIG.
7, into a different PWM signal at its output 35, shown in the
upper graph of FIG. 7.

This means that the maximal duty cycle that can be applied
to the input 3a of the safety circuit 3 without modifying and in
worst case permanently blocking the PWM signal by the
safety circuit 3 is limited. For the implementation of a safety
circuit 3, the components R1, D1 and C1 are preferably cho-
sen such that the maximal duty cycle is larger than 90% and
particularly larger than 98%.

For a defined safety circuit (D1, R1, C1), the discharge of
the capacitor over the diode D1 can be characterised by a
tD1(effective). So a condition for the safety circuit is TD1
(effective)<<tRC. A limitation for the PWM “off” time is that
PWM “off” time>5/tD1(effective).

The second design rule implies that the time T is as short as
possible. To ensure the safety circuit functionality, the time T
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should be not smaller than 5tRC. The time T is also designed
to prevent an excessive delivery of insulin. The maximal time
T is a function of the delivery flow speed and is much bigger
than 5TRC. It can be defined by the insulin overdose delivered
to the patient before the motor is stopped. The insulin over-
doses must not have health consequences for the patient. T
would preferably be defined such that the insulin overdose
during the time T is smaller than 10% to 20% of the daily
insulin dose.

FIG. 2 shows a complementary embodiment of the one
shown in FIG. 1. The switching device of the medical infusion
system 11 is placed in the power supply circuit between the
pump motor 5 and the ground pole (GND) of the power
supply (not shown) with its source and drain pins. With this
configuration, the switching device is an NMOSFET (n-chan-
nel MOSFET) 14, for example an IRF5851. The gate of the
NMOSFET 14 is connected to an output 136 of a safety
circuit 13. An input 13a of the safety circuit 13 is connected to
the output of a PWM signal generator 12. The NMOSFET 14
closes the power supply circuit if it has a high signal at its gate.

The safety circuit 13 comprises a capacitor C11, a resistor
R11 and a diode D11. One pin of the capacitor C11 is directly
connected to input 134, the other pin of the capacitor C11 is
directly connected to output 135. One pin of resistor R11 is
directly connected to output 135, which means that it is
directly connected to one pin of capacitor C11, the other pin
of the resistor R11 is directly connected to ground potential.
The diode D11 is placed in parallel to the resistor R11 with its
cathode pointing towards output 134.

If capacitor C11 is uncharged, that is UC1=0, and PWM
signal generator 12 delivers a low signal to input 134 of the
safety circuit 13, the potential at output 135 is low and
NMOSFET 14 interrupts the power supply circuit. This
means that, in this embodiment, ground (or logical low) is the
“oft” potential while VCC (or logical high) is the “on” poten-
tial.

Ifthe amplitude of the PWM signal at input 13a changes to
high, for example the voltage VCC of the power supply, the
potential at output 135 changes to high and the NMOSFET 14
closes the power supply circuit. At the same time, charging of
capacitor C11 starts via resistor R11 with a rate depending on
the time constant R11*C11. The voltage UC1 falls following
an exponential function with an asymptotical value of -VCC.
Atthe same time the potential at output 135 falls following an
exponential function from VCC to 0. If the signal at input 13a
is high for longer than a certain amount of time depending on
the values of the capacitor C11 and the resistor R11, the
potential at output 135 falls below the switching threshold
VST of NMOSFET 14, that is to a level that makes NMOS-
FET 14 interrupt the power supply circuit. In this embodi-
ment, VST equals Vthreshold of the NMOSFET 14.

Ifthe amplitude of the PWM signal at input 13a changes to
low, the potential at output 135 tends to change to the voltage
UC1 which is negative, and thus NMOSFET 14 opens the
power supply circuit. The capacitor C11 is discharged via
resistor R11 and in addition via diode D11 while the absolute
value of UC1 exceeds the forward voltage of diode D11. After
discharging, voltage UC1 and therefore the potential at output
135 is zero and NMOSFET 14 still interrupts the power
supply circuit.

Dimensioning of the components of safety circuit 13 is
analogous to the medical infusion system 1 according to FIG.
1, which means the resistor R11 is chosen to 50 k€2 and the
capacitor C11 is calculated to 100 nF to achieve a time T=25
ms which is the maximum time that NMOSFET 14 closes the
power supply circuit. Other values for the components could
be R1=22 kQ and C1=10 pf; resulting in T=1.1 s.
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In the medical infusion system 11, preferably the safety
circuit 13, the NMOSFET 14 and the pump motor 5 are
encapsulated to a liquid-tight unit. This unit has only three
electric ports, two for connecting the unit to a power supply
and one for connecting the unit to the signal generator 2.
Optionally, the signal generator 2, too, can be included in the
liquid-tight unit. The unit then has just the two electric ports
to be connected to the power supply.

FIG. 3 shows a medical infusion system 21 with a signal
generator 2, a safety circuit 3, a PMOSFET 4 and a pump
motor 5 that is basically identical to the medical infusion
system 1 shown in FIG. 1. In addition, there is a PMOSFET
T2 in the power supply circuit between pump motor 5 and
PMOSFET 4 and an NMOSFET T3 between the pump motor
5 and the ground pole of the power supply (not shown). The
gate of PMOSFET T2 is directly connected to a signal gen-
erator 6 and to VCC via the pull-up resistor R2. The gate of
NMOSFET T3 is directly connected to a signal generator 7
and to ground via pull-down resistor R3.

The functionality of medical infusion system 21 is basi-
cally identical to that of medical infusion system 1 according
to FIG. 1. PMOSFET T2 and NMOSFET T3 are additional
switches to interrupt the power supply circuit.

If signal generator 6 delivers a high signal, PMOSFET T2
interrupts the power supply circuit. If signal generator 6 deliv-
ers a low signal, PMOSFET T2 closes the power supply
circuit. If signal generator 6 does not deliver any defined
signal, for example, if the connection is interrupted, the
potential at the gate of PMOSFET T2 is high via resistor R2
and the power supply circuit is interrupted.

The functionality of signal generator 7, resistor R3 and
NMOSFET T3 is basically the same as of signal generator 6,
resistor R2 and PMOSFET T2 with the difference that
NMOSFET closes the power supply circuit if signal generator
7 delivers a high signal. NMOSFET T3 interrupts the power
supply circuit if signal generator 7 delivers a low signal or no
defined signal. In the latter case, resistor R3 pulls the potential
at the gate of NMOSFET T3 down to ground potential.

In the medical infusion system 21, preferably the safety
circuit 3, the PMOSFETs 4 and T2, the NMOSFET T3 and the
pump motor 5 are encapsulated to a liquid-tight unit. This unit
has only five electric ports, two for connecting the unit to a
power supply and three for connecting the unit to the signal
generator 2 and the signal generators 6 and 7. Optionally, the
signal generator 2, too, can be included in the liquid-tight
unit. Optionally, the signal generators 6 and 7, too, can be
included in the liquid-tight unit.

FIG. 4 shows a medical infusion system 31 combining the
medical infusion systems 21 shown in FIGS. 3 and 11 shown
in FIG. 2. The NMOSFET 14 is placed in the power supply
circuit between the NMOSFET T3 and the ground pole of the
power supply (not shown). There is only current flowing
through pump motor 5 if all four switches i.e., FETs 4, 14, T2
and T3 are in conducting state. This is only the case if PWM
signal generator 12 delivers a PWM signal that is the inverse
of the PWM signal delivered by signal generator 2, signal
generator 6 delivers a low signal and signal generator 7 deliv-
ers a high signal.

In the medical infusion system 31, preferably the safety
circuits 3 and 13, the PMOSFETSs 4 and T2, the NMOSFETSs
14 and T3 and the pump motor 5 are encapsulated to a liquid-
tight unit. This unit has only six electric ports, two for con-
necting the unit to a power supply and four for connecting the
unit to the PWM signal generators 2 and 12 and the signal
generators 6 and 7. Optionally, the PWM signal generators 2

20

25

30

35

40

45

50

55

60

65

10

and 12, too, can be included in the liquid-tight unit. Option-
ally, the whole electronic, too, can be included in the liquid-
tight unit.

Having described the disclosure in detail and by reference
to specific embodiments thereof, it will be apparent that
modifications and variations are possible without departing
from the scope of the disclosure defined in the appended
claims. More specifically, although some aspects of the
present disclosure are identified herein as preferred or par-
ticularly advantageous, it is contemplated that the present
disclosure is not necessarily limited to these preferred aspects
of the disclosure. As such, the embodiments described above
are purely illustrative and not meant to limit the scope of the
invention.

What is claimed is:

1. A medical infusion system comprising:

a control signal generator;

a safety circuit;

a switching device; and

a pump motor, wherein:

the pump motor and the switching device are connected
in series and constitute a power supply circuit to be
connected to a power supply,

the control signal generator is configured to generate a
control signal having an “on” potential and an “off”
potential present at a control input of the switching
device, wherein the “on” potential is any potential
which makes the switching device close the power
supply circuit, and the “oft” potential is any potential
which makes the switching device open the power
supply circuit,

an output of the control signal generator is connected to
an input of the safety circuit,

an output of the safety circuit is connected to the control
input of the switching device, and

the safety circuit is configured to apply the “off” poten-
tial to its output if there is an “off” potential at its
input, apply the “on” potential to its output if there
continuously is an “on” potential at its input for a
duration up to a predetermined amount of time, and
apply the “off” potential to its output if there continu-
ously is an “on” potential at its input for a duration
longer than a predetermined amount of time.

2. The medical infusion system according to claim 1,
wherein the control signal generator generates a PWM signal.

3. The medical infusion system according to claim 2,
wherein the predetermined amount of time is longer than the
cycle of the PWM signal.

4. The medical infusion system according to claim 2,
wherein the predetermined amount of time is selected from 2,
5, 10 and 100 times the cycle of the PWM signal.

5. The medical infusion system according to claim 1,
wherein the safety circuit, the switching device and the pump
motor constitute a unit that is impervious to fluids.

6. The medical infusion system according to claim 1,
wherein the safety circuit comprises an RC circuit.

7. The medical infusion system according to claim 6,
wherein one pin of the capacitor of the RC circuit is directly
connected to the input of the safety circuit, the other pin of the
capacitor is directly connected to the output of the safety
circuit, one pin of the resistor of the RC circuit is directly
connected to the output of the safety circuit and the other pin
of'the resistor is connected to a constant potential being equal
to the “off” potential.

8. The medical infusion system according to claim 6, fur-
ther comprising a diode in parallel to a resistor of the RC
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circuit so that a capacitor of the RC circuit is discharged via
the diode if the signal at the input of the safety circuit has “off”
potential.

9. The medical infusion system according to claim 1,
wherein the switching device is a PMOSFET, the “on” poten-
tial is ground (GND) and the “off” potential is a constant
positive potential.

10. The medical infusion system according to claim 1,
wherein the switching device is an NMOSFET, the “on”
potential is a constant positive potential and the “off” poten-
tial ground (GND).

11. The medical infusion system according to claim 9,
wherein the constant positive potential equals to the voltage
of the power supply.

12. The medical infusion system according to claim 10,
wherein the constant positive potential equals to the voltage
of the power supply.

13. The medical infusion system according to claim 1,
wherein the switching device is a mechanical switch.

14. The medical infusion system according to claim 1,
wherein the switching device is a transistor.

15. A method for driving a pump motor in a medical infu-
sion system, wherein the pump motor and a switching device
constitute a power supply circuit to be connected to a power
supply, the method comprising:

receiving at a control input of the switching device a con-

trol signal from a control signal generator with a safety
circuit, wherein the control signal includes an “on”
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potential and an “off” potential, wherein the “on” poten-
tial is any potential that makes the switching device
close the power supply circuit, and the “off”” potential is
any potential that makes the switching device open the
power supply circuit;
switching the power supply circuit of the pump motor by
the switching device according to the control signal
applied to the control input of the switching device;

applying the “off” potential to its output if there is the “off”
potential at its input;
applying the “on” potential to its output if there continu-
ously is the “on” potential at its input for a duration up to
a predetermined amount of time; and

applying the “off” potential to its output if there continu-
ously is the “on” potential at its input for a duration
longer than a predetermined amount of time.

16. The method according to claim 15, wherein the
received control signal is a PWM signal.

17. The method according to claim 15, wherein a capacitor
of an RC circuit within the safety circuit is charged via a
resistor of the RC circuit while the signal received by the
safety circuit has the “on” potential and the potential at the pin
of the capacitor that is connected to the resistor is applied to
the control input of the switching device.

18. The method according to claim 17, wherein the capaci-
tor is discharged by a diode in parallel to the resistor if the
received signal has the “off” potential.

#* #* #* #* #*
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